INTRODUCTION
Tablet coating is perhaps one of the oldest pharmaceutical processes still in existence (1) . It offers many benefits namely: improving the aesthetic qualities of the dosage form, masking unpleasant odour or taste, easing ingestion, improving product stability and modifying the release characteristics of the drug. It is widely used in enteric coating, controlled release system and osmotic pump systems (2) .
Enteric coated dosage forms are designed to resist the destructive action of the gastric fluid and to disintegrate in the higher pH environment of the intestinal fluid. Polymer for enteric coating can be applied to solid dosage forms (i.e. granules, pellets, or tablets) from aqueous solutions of alkali salts, or organic solvent solutions. The most commonly used pH-sensitive enteric coating polymers today include: cellulose acetate phthalate (CAP), cellulose acetate trimellitate (CAT), hydroxypropyl methyl cellulose phthalate (HPMCP) and methacrylic acid copolymers (3) . In recent years, acrylic copolymers have evolved as the most preferred materials for designing enteric coating formulations in terms of performance and global acceptability (1) .
Aqueous enteric film coatings have been used widely in recent years. Many of these systems are pseudolatex dispersions of polymers such as CAP, latex dispersions of methacrylic acid copolymers and aqueous solutions of alkali salts (4) .The advantages of an aqueous based coating system have been recognized. This is derived from the drawbacks of organic solvents including pollution, explosion hazards, and solvent toxicity. Especially there are risks for operators (5) .
Almost all nonsteroidal anti-inflammatory drugs irritate gastric mucosa and enhance ulceration by blocking protective action of the prostaglandins on gastric mucosa, causing ulcer formation not only in stomach but also in lower part of oesophagus and in duodenum too (6) .
The most important side effects of flurbiprofen include peptic ulceration, hemorrhage and perforation (7) .The aim of current investigation was to develop an enteric coated flurbiprofen tablet formulation to minimize the gastric intolerance caused by flurbiprofen on long term use and to improve patient compliance by utilizing Acryl-Eze. Acryl-Eze is an optimized, one-step, pigmented, aqueous acrylic system for the application of an enteric film coating for oral solid dosage forms. Acryl-Eze combines the benefits and performance of a globally accepted enteric polymer (Eudragit® L100-55) with a fully formulated coating system, providing significant time savings in both development and production. Acryl-Eze has further been optimized for either tablet or multiparticulate applications (8) . Eudragit® L100-55 is a copolymer of methacrylic acid and ethyl acrylate (1:1 ratio) which meets the USP definition for Methacrylic Acid Copolymer Type C. L100-55 is a re-dispersible powder produced by spray drying Eudragit® L30-D. Film coatings prepared from such dispersions are resistant to gastric juice but readily dissolve at a pH above 5.5 (9) . EudragitL100-55 has been used as a coating polymer in several studies (10, 11, 12) . 
MATERIAL AND METHOD Materials

Preparation of Flurbiprofen (50 mg) Tablet
All the ingredients (excipients drug) were properly weighed and sieved through a 20 mesh screen. Avicel PH 102, flurbiprofen and crospovidone were mixed homogenously for 5 min by tumbling action in a poly bag of suitable size. Finally magnesium stearate was added for lubrication and mixed for additional 5 min till a fine blend of ingredients was obtained. The tablets were manufactured on a single punch tablet machine (KORSCH Erweka, Frankfurt, Germany) using round biconcave punches 6.5 mm in diameter, at a compaction force of 40-60 N. All the formulations were prepared with the same blending time and same compression conditions.
Optimization of Flurbiprofen Formulation
For optimization purposes, nine different formulations of flurbiprofen 50 mg tablets were developed. The tablets were prepared using the composition as given in [ Table I ]. Avicel PH 102 (X1), crospovidone (X2) and magnesium stearate (X3) were selected as independent variables and the response was studied on tablet weight (Y1), hardness (Y2), thickness (Y3), diameter (Y4), friability (Y5), disintegration time (Y6), assay (Y7) and dissolution (Y8).
Evaluation of Flurbiprofen Tablet Core
After compression, tablets of all the formulations were evaluated for different parameters. Weight variation was determined using electronic balance (Mettler Toledo, B204-S (College) Switzerland)). Tablet thickness and diameter was measured using vernier caliper. Friability was determined using Roche type friabilator (H.Jurgens, GmbH & Co., Bremen, Germany) whereas tablet hardness was determined using a hardness tester (OSK Fujiwara Hardness Tester, Tokyo, Japan). A model ZT-2 disintegrator tester (Erweka, Husenstamn, Germany) was used for disintegration testing. A dissolution station (Erweka DT 700, Husenstamn, Germany) was used for drug release testing. The paddle was operated at 50 rpm using 900 ml pH 7.2 phosphate buffer maintained at 37°C (13) . Tablet assay was determined using UV Spectrophotometer (UV 150-02, double beam spectrophotometer, Shimadzu Corp., Kyoto, Japan) at 247 nm (14). The formulations were also statistically analyzed for weight variation, hardness, thickness and diameter using Shewhart quality control charts (15). Choice of the Optimized Formulation Formulation 7 was selected as an optimized formulation after comparative evaluation of all necessary parameters for enteric coating.
Shewhart quality control charts for weight variation, tablet hardness and thickness of formulation 7 are given in Figs. 1, 2 and 3.
Enteric Film Coating of Tablets
The compressed tablets were subcoated using Opadry dispersion prepared in 600 ml of organic solvent (343 ml of methylene chloride and 257 ml of ethanol). The subcoating was followed by aqueous enteric coating with Acryl-Eze. Both coating dispersions were prepared according to technical document provided by the Colorcon (16, 17) [ Table II ].
The tablet coating was performed in 12 in coating pan (Erweka GmbH., type UG, Frankfurt, Germany) using external spray gun, dryer and air compressor (Type H-2, No. 311319, Meiji air compressor Mfg.Co.Ltd. Osaka, Japan). The pan load was 1 kg. Tablets were prewarmed at reduced coating speed to 40°C. Warm air was introduced into the coating pan (up to 50-55°C) during the entire coating process. The subcoat was applied at a 2% weight gain, followed by Acryl-Eze at a weight gain of 8-10%. The coating process parameters were set as recommended by the manufacturer for enteric coating system (18) .
Disintegration Test of Enteric Coated Tablets
The disintegration time of enteric coated flurbiprofen 50 mg tablets was determined according to the procedure reported in USP 28 NF 23<701> (13) . Six tablets of flurbiprofen enteric coated tablets were weighed individually and placed in acid phase (0.1 N HCl) for 2 h in a USP basket rack assembly (Erweka ZT-2, Husenstamn, Germany) after which they were removed and inspected for cracking or disintegration. The same tablets were then placed in phosphate buffer, pH 6.8 and observed for disintegration.
Dissolution Test of Enteric Coated Tablets
The dissolution test for enteric coated tablets was performed as mentioned in USP 28 NF 23<724> (13) .Drug release was measured in a USP dissolution bath (Erweka DT 700, Husenstamn, Germany) using apparatus II at 50 rpm. The dissolution medium were 1000 ml of 0.1 N HCl and pH 6.8 phosphate buffer maintained at 37±0.5°C. The tablets were placed in acidic medium for 2 h and in basic medium for 1 h. Samples were assayed spectrophotometrically (UV 150-02, Double beam spectrophotometer, Shimadzu Corp., Kyoto, Japan) at 247 nm.
Stability Study
Samples of Flurbiprofen enteric coated tablets were blister packed using packing machine (Ulhmann-200, Germany) in 1×10's using aluminum foil (Heuch folien GMBH & G, KG, Germany) and PVDC (Perlin converting AG., Switzerland). These samples were then subjected for stability study according to ICH guidelines (19) . Tests were conducted at room temperature (RT) and accelerated stability conditions. The samples were designated as time 0, 3, 6, 9 and 12 month for RT and 0, 1, 2, 3 and 6 month for accelerated studies. Samples designed for RT storage were kept at 30±2°C and 65±5% relative humidity (RH). The samples in the accelerated stability study were kept at 40±2°C and 75±5% RH in humidity chamber (Binder GMBH Bergster, Tullingen, Germany). Samples were tested for its appearance, disintegration, dissolution and assay using the previously described procedure.
RESULTS AND DISCUSSION
Flurbiprofen tablet cores were successfully prepared by direct compression method using avicel PH 102 as filler/ binder, crospovidone as disintegrating agent and magnesium stearate as lubricant. Tablets were compressed without any problem and the prepared tablets were free from defects such as capping and lamination. The formulations had good flow resulting in low tablet weight variation. Tablets of high mechanical strength (high breaking force and low friability) were manufactured. Results of uncoated flurbiprofen tablet evaluation of all the formulations are shown in Table III . Physical appearance, hardness, friability, weight variation, and drug content evaluation of different tablet formulations were found to be satisfactory under pharmacopoeial standards of tablet evaluation. It was observed that the incorporation of superdisintegrant 'crospovidone' greatly improve the disintegration time of all the formulations. Invitro disintegration study reveals that the tablets were completely disintegrated within few seconds. The results obtained from the evaluation of tablet characteristics were utilized in the selection of optimized formulation. Formulation 7 was found to have best results according to the optimization criteria with dissolution up to 99.39% in basic medium and assay results up to 99.69%. It was finally chosen for the preparation of enteric coated formulation. Tablets used in functional film coating process must be sufficiently robust to withstand mechanical stresses and to exhibit a very low potential for erosion and edge chipping. Any defects in the tablet core may result in localized weakness of functional film.
Tablet coating was carried out in conventional coating pan using spray coating technique. Spray applications enables finely atomized droplets of the coating solution to be delivered across the surface of the moving tablet mass in a manner that achieves uniform coverage while preventing adjacent tablets from sticking together as the coating solution is rapidly dried. The coating process was conducted under specific conditions with a continuous supply of warm air. Parikh et al. (20) in 1993 investigated three independent coating process variables namely percent solids content in the coating polymeric dispersion, inlet-air temperature, and spray rate of the polymeric dispersion to determine their effect on the performance characteristics of tablets coated with a plasticized aqueous ethylcellulose dispersion (Sure-lease) in a fluid-bed equipment. Inlet-air temperature was found to be the most critical process variable for all the three response variables studied. It was concluded that lower rates of drug release from the coated tablets may be obtained by using high inlet-air temperature and low spray rate of the polymeric dispersion during coating.
A subcoating process may be used to strengthen friable cores before the application of the functional coat but is not desirable in terms of process time and complexity. Subcoats may also be necessary to prevent interaction between the drug substance and the coating formulation ingredients. In the present study subcoating was carried out using Opadry resulting in white and smooth tablets with improved stability. Final enteric coating was done with Acryl-Eze. The aqueous dispersion was prepared in one step by adding fully formulated dry powder in water with the aid of high shear mixer. Enteric coating with Acryl-eze was completed in a short period of time and the coated tablets had no obvious defects or signs of peeling or chipping.
The enteric coated tablets were subjected to both tablet disintegration and dissolution test. Results showed that there were no signs of cracking, peeling or disintegration in 0.1 N HCl however the coated tablets were completely disintegrated in 5-7 min in pH 6.8 phosphate buffer.
Drug release met the criteria outlined in this study. i.e. not less than 75% dissolved after 45 min in buffer, pH 6.8. Figure 4 illustrates the release of flurbiprofen from enteric coated tablets.
Results of stability test were satisfactory showing no significant change in the color, appearance and disintegration of coated tablet. Tablet dissolution and assay results were within acceptable limits. [ Table IV] SUMMARY AND CONCLUSIONS A delayed release flurbiprofen (50 mg) formulation was developed using Opadry/Acryl-Eze system. The core formulation yielded mechanically strong tablets with low weight variation. Aqueous enteric coating was successfully conducted under lab-scale facilities. Opadry/Acryl-Eze system provides acceptable enteric performance in 0.1 N HCl and pH 6.8 phosphate buffer. The system also provides the additional advantage of being fully pigmented.
It is thus concluded that aqueous enteric coating with Opadry/Acryl-Eze system is an easy and economical approach for preparing delayed release formulations. 
